We developed a Web-based education system called "Web-Com". It supports synchronous and asynchronous learning. It consists of an interactive web browser and voice server. Web-Com provides a multi-layer drawable canvas on which the user can draw annotations. Each layer can be shared with other users in real-time via the Internet to enable synchronous learning. In conjunction with the voice server, Web-Com can support voice communication. It can also replay the process of annotation in order, which enables asynchronous learning. Finally, a subject experiment is conducted to evaluate the scheme's workability and explore various issues that arise during the course of learning. The experimental results show that learners can learn fairly interactively with an instructor in a Web-Based class using Web-Com's synchronous style.
Introduction
Attempts to apply remote learning, e.g., Web-Based Training (WBT) and TV conferencing systems, have been focused on [1] - [10] with the popularity of the Internet.
Spatial and temporal flexibility have been identified as advantages in utilizing the Internet for learning, as well as its huge amount of information that is easily accessible.
Remote learning can be roughly classified into two, synchronous and asynchronous. In asynchronous learning, it is not necessary for the instructor and learners to share the same space at the same time (i.e., spatial and temporal flexibility). There is, however, problem of a lack of interactivity, which is present in conventional learning.
Synchronous learning is referred to as remote learning where the instructor and learner share the same time frame, such as in TV conferencing achieving interactive learning. However, the fact that this requires dedicated devices or special software increases the initial or running costs and may prevent it from becoming popular.
The main stream in remote learning has thus far been centralized into WBT [11] , where, individual learning utilizes the existing Web framework consisting of a browser and existing Web content. The issues we address here are 1. How to construct high-quality Web content and 2. How to compensate for the lack of communication To achieve these, an interactive-communication support tool may be required to support real-time interactive Web-based communication to polish the Web content directly via the course of conversation between the instructor and learners.
Thus, for such a situation, we have developed a Web browser for communication aimed at a Web-based class, called "Web-Com" that supports both synchronous and asynchronous learning.
The features of this system are as follows.
1. Enables users to add annotations and illustrations to the screen, which is currently being displayed on the browser. 2. Enables users to add information composed of multiple layers, where each layer can be characterized by the direction and medium of the data. 3. Enables users to share information with other permitted users in real-time. 4 . Enables users to replay the lecture from the operational records of the instructor and the learner on the Web pages.
In this paper, we discuss some related work in Sect. 2 and explain technical terms in Sect. 3. We then discuss an outline of the system in Sect. 4. In Sect. 5, we describe details on the system architecture. In Sect. 6, we present results from a subject experiment that was done to evaluate the workability of the scheme.
Related Work
There are several systems that support functions that enable annotations to be added to Web content [1] - [6] . Annotea [3] is a system that utilizes Resource Description Framework (RDF) to add annotations as the metadata for content. Internet Navigware TM [4] has a function for synchronous and asynchronous learning. It also has a function for managing the results of the learners' learning process, appending annotations to Web content, and providing real-time learning support. Classroom 2000 [1] and Lecture Review System [5] are systems that record lectures and have functions to play them back.
These systems, however, do not support multiple layers that classify annotations according to categorized two-way information that is being sent/received between the instructor and individual learners. Thus, it is quite difficult to reuse Also, these systems do not support functions that provide sufficient communication. WBT's efficiency of learning mostly depends on the content of the lecture, proved by the fact that most reports regarding WBT have focused on schemes on how to construct high-quality Web content [12] , [13] . Most instructors are not assumed to be mature Web content designers, but assumed to be skillful educators in their classes. Therefore, to make up for the lack of content, communication functions are required in such systems.
System Outline

Explanation of Terms
The definitions of specific terms used in this paper are as follows.
• Instructional content Web content used as teaching materials. All formats displayed by the Web browser can be used as instructional content.
• Annotations
The combination of drawing commands (texts, illustrations and others) placed on Web-Com's browser window.
• Operation commands
Commands issued as a certain series of operations to Web-Com. In particular, operation commands consist of those that draw lines, ellipses and rectangles, scroll events and others.
• Learning records A set of events that is stored as a historical log when the user learns with this system. In particular, it is the recorded information on operation commands within a time series.
• Instructor
The person giving the lecture.
• Learner
The person listening to the lecture.
• User
The instructor and/or learner.
• Lecture server A File Transfer Protocol (FTP) server that manages the user's instructional content and learning record.
Overview of System
This system can achieve interactive Web-based learning only by using the developed software system and FTP server-neither dedicated hardware nor CGI, or Java is necessary. However, based on reviewing existing remotelearning systems ( [4] , [8] ), the advantages of the proposed system are its convenience with remote education without requiring particular hardware and/or project-based software or a database. This system consists of the lecture server, Web page content as the instructional content, and the Web browser we developed for communication, i.e., the Web-Com. Figure 1 is a diagram where we focused on the relationship between the instructor and learner. The instructor and the learner mutually refer to each learning record on the lecture server via Web-Com. They communicate by voice via the voice server. Figure 2 is a diagram where we focused on the system flow. Particularly, note the flow of the instructor or learner adding annotations to the instructional content that is to be uploaded to the lecture server as the learning records.
Step 3 in Fig. 2 shows flows where Web-Com overlays annotations on the instructional content. In this way, the system can add annotations without affecting the original HTML of the instructional content.
Servers
Lecture Server
The lecture server is an FTP server for managing the instructional content and learning records. The instructor and learner can share their learning records via this server. The instructional content does not always have to be on the lecture server: users can also use external Web content as instructional content.
The lecture server keeps the data in a UNIX file system that is able to control the access privilege. By utilizing this, the instructor and learners can control the accessibility of their data to others so as to set write/read protect to their content for efficient giving lecture as mentioned later.
Voice Server
The voice server sends/receives voice to/from the instructor or the learner. The instructor can send voice to multiple learners through this server. Voice data is compressed in ogg-vorbis format [14] , which is treated as a streaming ob- ject from speaker to listeners via Web-Com.
Web-Com
System Overview
Web-Com is a web browser based on the IE TM (Microsoft Internet Explorer) component running on Microsoft Windows. Its main functions and characteristics are as follows.
1. Drawing annotations on the instructional content that is currently being displayed. 2. Replaying the lecture. 3. Supporting for interactive learning using voice communication. Figure 3 shows a screen for Web-Com. Basic operations, such as go back, go forward, and go home, are the same as for IE. Users can select the layer to change by clicking the object in the "layer list" on the right of the screen. 
Drawing Annotations on Instructional Content
Web-Com has a function of allowing annotations to be drawn, such as notes, illustrations and others, on the browser screen of the Web page that is currently being displayed. This function is implemented by using the transparent windows of the window manager that has been overlaid.
After this, usual actions, such as drawing annotations and underlining textbooks, can be achieved on the electrical instructional texts. Dragging the space on the browser screen enables the actual users' annotations.
Sharing Annotations
Annotations can be shared with others. Consequently, the learners do not have to copy the content by hand that the instructor has written on the blackboard.
Because of the different learning types, there are two different ways to share annotation information among users.
Synchronous learning
In synchronous learning, the user should be able to share annotations in real-time to immediately note the reaction of the instructor or other learners. Thus, functions are implemented by multicast transmission in real-time.
Asynchronous learning
In asynchronous learning, the user may do self-study and does not need to share annotation information in real-time. The accumulated learning records, however, are required to confirm, the user's own annotations. Therefore, this type of functionality is implemented using uploads and downloads by FTP or similar filesharing technologies.
Multiple Layers
"Layer" is defined as a transparent sheet on the browser screen. "Multiple layers" is defined as an overlay of plural layers. The annotations drawn on the instructional content by users are managed with multiple layers. Users can arbitrarily change the display attributes of each layer, determining whether they are to be visible or invisible. Figure 4 has an example where the display attributes of layers and the internal structure of layers are changed. There are two layers in Fig. 4 . "LayerA" is a layer on which an ellipse has been drawn surrounding a character string with "what is dll?". "LayerB" is a layer on which a character string with "Answer this question!" has drawn on the instructional content. Layers consist of operation commands, and have display attributes that indicate whether they are visible or invisible.
The advantages obtained by using multiple layers are as follows.
Interactivity between the instructor and learner
Uploading only the specified layers to the lecture server and combining the attribute of each layer, whether visible or invisible, can achieve efficient interactive learning between the instructor and learner. For example, the instructor can administer multiplechoice questions and fill-in the blanks examinations to learners at any time. Then, by uploading the content of the layer that has been filled out by the learner, the instructor can check what the learner knows interactively (Fig. 5 ).
Classification of notes
The annotations drawn on the instructional content can be arranged into suitable layers for each category of meaning. This clarifies the understanding of correspondence between layers and annotations. Moreover, it is also possible to only display important information by changing display attributes of each layer.
Reducing communication load
Those using this system can retain only the annotations that have been drawn on the specified layers in the lecture server. In other words, users can only upload and download the necessary information from the specific layer. This leads to reducing the communication load.
Communication by Voice
Users can communicate by voice using the voice server, enabling Web-Com to achieve the interactive learning. The role of the voice server is to receive voice and send this to other users (Fig. 6) . We employed the ogg-vorbis format compression method for voice communication to reduce traffic load on the network. The relationship between the compression type (the sampling rate, bit rate, stereo/mono, etc.) and the required bandwidth in ordinary class is under investigation. The ease of use of the voice annotation above is one of the important factors of remote education that is also our next challenge.
Playback of Learning Records
In conventional learning, it is important to recall the process of adding annotations, to check the content of the lecture that was given, when the learner reviews the lecture by checking notes.
To imitate the above electrically, Web-Com enables the learning record to be played back in order of the annotations that have been added.
To do this, we implemented the function of replay given lecture to Web-Com. By using this function, users can review and remember what was annotated in a sequence.
Accumulated information as learning records is as follows.
• Information on annotations • Changed information in selected layer • Time stamps when annotations were added • Changed information on scroll position of screen Using this information, users can replay a lecture being given in detail (Fig. 7) . In Fig. 7 , the users, after making annotations, can upload the learning records shown in Fig. 8 to the lecture server, and all the participant users can download them to replay the process. Figure 8 shows the structure of learning records where a user has made two layers named "figure" and "string". The "figure" is a layer on which an ellipse surrounding the character string, "Application Programming Interface," has been drawn. The "string" is layer on which the character string, "Application Programming Interface," has been drawn. The learning record is a set of layers' data and information on changing the selected layer and scroll position. The learning record shows that the "figure" layer has been selected first and the commands for layers from 0th to 242nd has been executed. Then, the "string" layer has been selected and the first command for the layer has been executed. 
A Subject Experiment
Outline
We did a subject experiment to test the system's practicality and evaluate its validity.
There were five subjects and one instructor who had experience using the current Web browser (not Web-Com) and who had learned using Web content.
The small class imitated remote synchronous learning. The instructor was in a separate room. The subjects were only allowed to access the content that was used for the experiment.
The lecture content was on English idioms. The subjects filled in blank answers (Fig. 9) . Layers that were written hints and answers to the instructional contents were prepared beforehand. The learners learned independently using these layers (i.e., self-study). If the learners had questions, they asked the instructor questions but only by sharing annotations and through voice communications.
Questionnaire to Evaluate Experiment
Subjects are solicited to fill out questionnaire so that we could evaluate the adaptability of the system. They were asked to respond to 11 questions.
1. Could you study faster with Web-Com and its answer/hint layers compared to content without this and extent web browser in these self-study type learning? 2. Could you study easier with Web-Com and its answer/hint layers compared to content without this and extent web browser in these self-study type learning? 3. Do you think you could memorize the content of the lecture easily with Web-Com? 4. Do you think you could understand the content of the lecture easily with Web-Com? 5. Do you think you could refer to the hints and comments in the fill-in blanks easily with Web-Com? 6. Do you think that the answers and hints should have been in different layers? 7. Would you have learned as smoothly had the answers and hints been in a separate layer? 8. Could you understand why multiple layers were used? 9. How easy was it for you to use Web-Com? 10. How easy was it for you to ask the instructor questions? Table 1 The result of the questionnaire.
11. How easy was it for you to carry out a question-answer dialogue with the instructor?
Each item was evaluated on five levels. Items 1-5 were to evaluate the efficiency of learning with Web-Com. Items 6-8 were to evaluate the validity of multiple layers. Item 9 was to evaluate how usable Web-Com was. Items 10 and 11 were to evaluate the interactivity between the instructor and learners in using Web-Com. Table 1 lists the results of the questionnaire.
Discussion
The answers in Table 1 indicate subjects mostly approved of Web-Com.
There were rather high scores in terms of the efficiency of learning with Web-Com. In particular, this tendency is remarkable for second question (on the ease of study). Most subjects commented that they could write answers and refer to hints and correct answers without changing the instructional content's page.
Also, multiple layers were evaluated quite highly. One of the subjects responded that he could check hints or answers gradually using the multiple layers. The responses for Item 7 indicated multiple layers could contribute to the efficiency of learning.
The evaluation on the usability of the system could not be determined.
Differences can be seen in two items in the category on the interactivity of the system. Item 10 (on the ease of asking the instructor questions) received a low score. Item 11 (on the ease of carry out a question-answer dialogue with the instructor) received a high score. Item 10 probably received a low score because subjects could not establish whether someone else was asking the instructor questions at the same time they wanted to. Item 11 probably received a high score because the learner and instructor could communicate clearly by sharing annotations (including the communication layer) and by voice communication.
Apart from the above, the subjects were solicited to give free comments in the questionnaire. In this, several subjects' comments stated that they felt fun with the tool in their communication style. In this viewpoint, synchronous learning style of the proposed system may have some additional advantages such as drawing curiosity, compared with the asynchronous learning systems. Since the way of drawing attention or curiosity is also important issue in education, we may have to investigate more about this.
Conclusions and Future Work
We described a new system we developed for synchronous and for asynchronous learning in this paper.
A special feature of Web-Com is that it supports multiple layers that can be useful for channeling communications and for categorizing annotations. Also, Web-Com supports voice communications and playback of the learning record. Synchronous and asynchronous learning are both effective and efficient using these functions.
We conducted a subject experiment that proved the validity of the system. We found that the system was effective in a Web-based class. However, the interface for interactivity has room for improvement.
We are now porting the system to hand-held devices and to UNIX WS to expanding its opportunity of the utility. In this research, so far, we haven't conduct experiment for comparison with other systems, such as Annotea, Internet Navigware etc., that we may have to study in the near future.
Future work includes conducting a large-scale experiment to investigate the educational effectiveness of the system and we are planning to evaluate functions of asynchronous learning.
